Dietary record tools such as food frequency questionnaire (FFQ) and food diaries (FD) are the most commonly used choices for assessing dietary intakes in most large-scale epidemiological studies. The authors developed a self-administered 360-item food frequency questionnaire (FFQ) to assess dietary intakes amongst a population-based cohort in South Kerala. In the validation study (n = 460), the data were collected using FFQs that were administered on three different occasions which were then compared to 7-day food records. The intake of foods and nutrients was higher as determined by the FFQ than that assessed using food records. Spearman correlations for macro-nutrients ranged from 0.72 for protein to 0.61 for carbohydrates and for micronutrients, from 0.71 for vitamin B6 to 0.34 for magnesium. The correlation was improved with energy-adjusted nutrient intakes. On average, the exact agreement for the macronutrients ranged from 48.2% to 57.1%, and that for micronutrients ranged from 66.7% to 41.9%, with the median percentage of 49.58%. The authors conclude that the FFQ has an acceptable reproducibility, however, there was a systematic trend towards higher estimates with the FFQ for most nutrients compared to the FD records.
Introduction
In population-based epidemiologic studies, dietary intake is commonly assessed using dietary assessment methods, such as food diaries (FD), food frequency questionnaires (FFQs) and 24-hour dietary recalls [1] . In particular, FFQs have been widely used in large-scale population-based studies owing to easy administration, less burden on participants and staff, and low cost compared to other
Materials and Methods

Population Setting and Participant Recruitment
The study was a cross-sectional one among the rural and urban population in Trivandrum District of South Kerala, India. The study population comprised of individuals from rural and urban sectors of Trivandrum, South Kerala. Households in the rural and urban sectors were selected randomly using the local voter's list and household visits were scheduled to recruit participants into the study. The household visits included briefing the participants regarding the study by providing them with a study information sheet. Participant consent was either obtained on the same day or at a later date. Any member (>18 years of age) was allowed to take part, however, only one person per household was allowed to enroll in the study. A total of 460 individuals (204 from the urban and 256 from the rural population of the District of Trivandrum) were recruited into the study (ensuring adequate Nutrients 2020, 12, 383 3 of 14 representation of different socioeconomic groups and religions) in order to validate dietary intakes recorded using the FFQ against the 7-day FD.
The socio-economic data were captured using previously published socio-economic status questionnaires [14] . This research study was approved by Sree Gokulam Medical College and Research Foundation Institutional Ethics Committee (Ref:04/36/01/2013).
Dietary Data Collection
Trained nutritionists interviewed the participants at their homes for the FD. Prior to completion of the FFQs, the participants underwent training on portion size estimation wherein they were shown the standard measures of known weight for each food type and were asked to use similar household measures to help them estimate their portion size as a multiple of the standard measure. The FFQ was administered on three separate days (i.e., days 1, 5 and 9) whereas the FD was completed over a period of seven consecutive days (i.e., days 2, 3, 4, 5, 6, 7 and 8). Participants reported the portion sizes and frequency of consumption of food items based on daily, weekly and monthly intakes over the past year. The reported frequency of intake for each food item on the FFQ was multiplied by the reported portion size and its respective energy yield and nutrient composition which was calculated and derived from the Nutritive value of Indian Foods Database [15] which served as a reference database for both the FFQ and Food diary data. The foods reported by the participants that were not in the Nutritive value of Indian Food Database were referred to the Indian Food Composition Database for resolution [16] .
Nutrient Intake Assessment using the FFQ
The FFQ consisted of 360 food items that recorded intakes based on the following categories: daily, weekly, monthly, occasional/seasonal and never. Food items were determined based on a previously published FFQ consisting of 81 food items and validated in a rural district of south Kerala [12] . The remainder of the food items was determined via interviews conducted on 150 individuals from specific urban and rural districts in Trivandrum. Interviews were conducted by household visits performed by trained nutritionists. The 360 food items were included as these encompassed all types of foods consumed in the region of Trivandrum, South Kerala, at the time of the study. The FFQ consisted of 315 composite food items (i.e., food items containing one or more ingredients) and 45 simple food items. The nutritive value of each ingredient was derived from the Nutritive Value of Indian Foods Database [15] , which provides a comprehensive breakdown of nutritional information for 591 food items which are expressed per 100 grams. The macro and micronutrient values for each ingredient used in the recipe was derived from the reference database and calculated in proportion to the amount used in the recipe. By adding the nutritive value of each ingredient, the nutritive value of the recipe was then calculated.
Statistical Analysis
Associations between nutrient intakes from the first administration of the FFQ and the mean of the 7-day FD were compared with Spearman rank correlations, one-way ANOVA to test for significance followed by paired t-tests, cross-classification and Bland-Altman plots. Bonferroni correction was applied where multiple testing was performed. Individuals who fell outside of the energy intake range (men <3347 kJ or >17573 kJ, women <2510 kJ or >14644 kJ, 1 cal = 4.184 kJ) were excluded as part of the analysis. Simple linear regression was used to assess the linear agreement between the FFQ-derived nutrient scores and arithmetic average of those obtained from the 7-day FD records. The agreement between the two methods was evaluated using the Bland-Altman method [17] . Cross-classification analysis was used to assess the percentage of agreement and the ability of the FFQ to classify participants into similar quintiles of nutrient intake based on the results from the 7-day food records. The data from the first administration of the FFQ was used for the calculation of nutrient intake estimates and validation statistics. In order to reduce the effect of overestimating or underestimating food intake, energy adjustment was used using the residual method. To identify factors associated with the validity of FFQ intake estimates, multivariable regression analysis was performed with the difference in nutrient intakes between dietary methods as the dependent variable and personal characteristics of participants as independent variables. The regression coefficient (R 2 ) was calculated to quantify the extent to which the independent variables accounted for total variation in the difference in intakes. All statistical analyses were carried out in Prism (version 8.0, San Diego, USA) and R v3.5.2 (Vienna, Austria).
Results
Population Demographics
The demographics are shown in Table 1 . Participants were predominantly female (66%), aged 31-40 (30%) and the majority were educated to a high school degree or higher (85%). 
Mean Nutrient Intakes Across Income, Religion and Domicile
The mean nutrient intake across socio-economic groups was estimated from the first administered FFQ. Overall, in the mean intake of energy, minerals such as calcium and phosphorous were significantly lower in the low-income group compared to the middle and high-income groups (Figure 1a ). The mean nutrient intake across different religions showed no significant differences for all nutrients with the exception of fibre which was significantly lower in Muslims compared to Hindus and Christians ( Figure 1b ). However, significant differences were seen in the intake of most nutrients between domiciles (i.e., between urban and rural) as shown in Figure 1c .
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Associations in Nutrient Intakes between the FFQ and 7-Day Food Diary
There were significant correlations between most nutrients from both methods (range 0.346-0.729). The correlations for energy-adjusted nutrients intake ranged from 0.413 to 0.810. The lowest non-significant correlations (≤0.40) were for magnesium, manganese, carotene, which remained non-significant even with energy-adjusted intakes. However, vitamin C was found significant with energy adjustment. The highest significant correlations after energy adjustment were for protein, fibre and minerals such as phosphorous and sodium (Table 2 ). Table 3 shows the associations between personal characteristics of individuals and the difference in estimated intake between the first administration of the FFQ and 7-day food diary. R 2 ranged from as low as 4% up to 32%. None of the personal characteristics were significant in the models for those with the lowest R 2 for nutrients such as sulfur, carotene, sodium, potassium, copper, manganese and molybdenum. Sex was significant for eight of the nutrients with the difference in reported intakes being larger among women than men for protein, fibre and calcium, whereas the difference was smaller for the intake of minerals and vitamins. Age was significant for intakes of total energy and calcium, and socio-economic status was significant for intakes of fibre, iron, niacin and sodium. BMI was found not significantly associated with reported intake for any nutrient, however, showed negative associations with the reported intakes of carbohydrates, fat and some minerals. 
Associations between Personal Characteristics and Difference in Reported Intakes between the FFQ and 7-Day Food Diary
Bland-Altman Analysis
When considering if the methods agreed for individuals, the differences in nutrient intake between the FFQ and the 7-day food records were plotted against the mean nutrient intakes of the two methods (Table 4 ). Figure 2 shows the plots for macronutrients and energy intakes. Positive differences in the average discrepancy between the two methods indicate an overestimation of nutrient intake by the FFQ. The larger the value of the bias (wider the limits of agreement as indicated by the 95% CI), the larger the extent of overestimation by the FFQ. For macronutrients such as carbohydrates and fats and a range of micronutrients, there was some bias towards a positive difference, suggesting that the FFQ provides a higher intake of certain macro and micronutrients as compared with the food diary. Similar results were obtained for most of the nutrients, as summarized in Table 4 . Overall, the Bland-Altman plots showed that there was a systematic trend towards higher estimates with the FFQ for certain nutrients compared with the food diary records. The results of the analysis are tabulated below (Table 4 ). Analysis performed on energy-adjusted nutrient intake; SD, standard deviation; CI, Confidence interval; n.a., not applicable. * Positive differences in the average discrepancy between the two methods indicate an overestimation of nutrient intake by the FFQ.
Nutrients 2020, 12, 383 10 of 15 (a) (b) Figure 2 . Differences between nutrient intake estimated from the food-frequency questionnaire (first administration) and from the 7-day food records plotted against the mean from the two methods (n = 460). For each participant, the difference in energy adjusted intakes between the FFQ (first administration) and the average of the 7-day food records is plotted against the mean intake from the two methods for: (a) Macronutrients, mean difference = 23.78 (95% CI of −30.27, 68.96), (b) energy (kcal), mean difference = 393.2 (95% CI of −441.3, 1228) with FFQ overestimating the nutrient intake compared to food diary.
Cross Classification Analysis
Agreement within quartiles between the 7-day food records and FFQ is shown in Table 5 . Subjects were classified into the same or adjacent quartiles or misclassified into extreme or intermediate quartiles. On average, more than 70% of the subjects were classified into the same or adjacent quartiles with less than 10% misclassified into extreme or intermediate classes. The Differences between nutrient intake estimated from the food-frequency questionnaire (first administration) and from the 7-day food records plotted against the mean from the two methods (n = 460). For each participant, the difference in energy adjusted intakes between the FFQ (first administration) and the average of the 7-day food records is plotted against the mean intake from the two methods for: (a) Macronutrients, mean difference = 23.78 (95% CI of −30.27, 68.96), (b) energy (kcal), mean difference = 393.2 (95% CI of −441.3, 1228) with FFQ overestimating the nutrient intake compared to food diary. Figure 2 . displays the findings of the Bland-Altman analysis for macronutrients and total energy intakes. In these Bland-Altman plots, mean intake from both the dietary method was plotted in X-axis, and the difference in intakes of the participants was plotted in Y-axis.
Agreement within quartiles between the 7-day food records and FFQ is shown in Table 5 . Subjects were classified into the same or adjacent quartiles or misclassified into extreme or intermediate quartiles.
On average, more than 70% of the subjects were classified into the same or adjacent quartiles with less than 10% misclassified into extreme or intermediate classes. The agreement for the macronutrients ranged from 41.2% to 57.1% for crude and from 50.4% to 59.3% for energy-adjusted. On the contrary, miss-classifications in opposite extreme quartiles were found to be high for carbohydrates, vitamin C and carotene even after energy adjustment. A similar trend was observed for the misclassification in the intermediate quartiles. 
Discussion
We have developed an FFQ to include a wide range of food items that are usually consumed and is representative of the common dietary patterns of the population in Kerala, India. To our knowledge, this 360-item FFQ is the largest to be validated for use in this region [12, 18] . The validated FFQ could be used as a suitable tool to identify important dietary intake patterns in the region of Kerala as part of future studies. This serves as an important basis for designing epidemiological studies in this specific region, where there is a growing concern regarding metabolic diseases such as Type 2 diabetes, cardiovascular disease and non-alcoholic fatty liver disease (NAFLD). In the present study, 460 participants completed all of the questionnaires (i.e., FFQ and 7-day food diary). The minimum sample size for the validation of dietary questionnaires is suggested at 100-200 participants [4, 19] . Our study represented an appropriate sample size to assess the reliability of the FFQ.
In the population of Kerala, South India, there is a possibility of variation in nutrient intake in different social class and religion with seasonal variation been studied previously by Hebert et al. [11] . In comparison with the 7-day food diary, the FFQ overestimated unadjusted nutrients, as seen in previous studies [12] .
The average intake of nutrients was also associated with socio-economic factors such as income. In the current study, we found that there were higher intakes of both macro and micronutrients amongst the high-and middle-income sectors compared with the lower-income sector. In particular, significant differences were seen in total energy intake in high-and middle-income sectors compared with the lower-income group. Considering the potential cumulative impact of these differences in energy intake in the long-term, the importance of these associations should be investigated in the future. In general, most of the studies in India analyze prices and expenditure as one of the important factors affecting food consumption patterns and less attention has been paid to socio-economic and regional variables, which may incur differences in food consumption patterns. On average, people belonging to higher income class are associated with healthier dietary patterns, which includes fruits, vegetables, oil and meat consumption. The higher income class people consume more of these food items than their lower-class counterparts probably because with higher income, socio-economic status increases which results in more knowledge and awareness of health and healthy food items [20] [21] [22] . In addition, it has been found that unemployment or low income becomes a barrier in the purchase of fruit and vegetable consumption as reported previously [23, 24] . The only intake that showed any differences in intake between the religions was fibre. This could be due to variations in food choices and habitual dietary patterns of specific religious classes [25, 26] .
The average of the 7-day FD was considered to correlate with the FFQ derived nutrient values for validation. The correlation coefficient we observed between the FFQ and 7-day FD (0.34 to 0·72) were similar to those reported previously in a validation study conducted in Kerala (ranging from 0.32 to 0.61) [12] and in Gujarat (ranging from 0.55 to 1.00) [13] . Additionally, some other studies, done with population groups in a similar region of India, also demonstrated a range of coefficients, which appeared to be similar to our range [18, 27, 28] . In the present study, the highest correlation was observed for macronutrients such as proteins, whereas lower correlations were observed for trace elements such as magnesium, manganese and vitamins such as vitamin C and carotene, which have been reported previously [29, 30] . Since these nutrients are not concentrated in a majority of foods, they may tend to have high within-person variability and lower correlation co-efficient in validation studies, as also reported previously [13, 30] .
Adjustment of energy improved the agreement of nutritional intakes that were estimated by the FFQ compared to the 7-day FD. After adjusting for energy, there was an improvement in the overall range of correlation coefficients. However, certain macronutrients such as carbohydrates and fats and micronutrients such as calcium, phosphorous, magnesium, choline, carotene, potassium were overestimated by the FFQ compared to the food diary. Copper and zinc were underestimated by the FFQ compared to the food record. According to the multiple regression model, 25% of the variation in the difference between the two assessment methods is explained by sociodemographic independent variables. Sex was a significant explanatory variable for most of these with women over-reporting intakes compared to men as observed in previous studies [31] . The influence of income on dietary fibre intake has been reported previously where lower family income was associated with lower dietary fibre intakes amongst adults [32] .
There are some substantial strengths to our study. Firstly, the validity of the FFQ was evaluated with a comprehensive range of tests, including correlations coefficients and cross-classification in conjunction with the Bland-Altman method. The Bland-Altman method has been preferred over correlation analysis as a method to evaluate the reproducibility and validity of an FFQ. Furthermore, the sample size of the present study was large enough to allow for the estimation of the limits of agreement from the Bland-Altman analysis as a component of the evaluation of the validity of the FFQ. In addition, participants received guidance regarding portion size before the FFQs were administered to assist self-administration. This, we think, is the strength of the study avoiding underreporting and improving consistency. The guidance on portion size will be implemented as a pre-requisite for all future administrations of the current validated FFQ.
We note that there are some limitations to our study. The parallel administration of the FFQ and FD could have influenced the memory and reporting patterns of the participants and thereby resulted in some degree of misreporting or overestimation of nutrient intakes. The length of the FFQ could have resulted in participant fatigue as opposed to shorter FFQs that have been used previously. This may also have contributed to the over-estimation of nutrient intakes we describe. The sources of error in the FFQ could be due to restrictions imposed by a fixed list of foods, seasonal variations, memory, perception of portion sizes and interpretation of questions [33, 34] . In addition, the authors would also like to acknowledge the limitation of using the food diary as the reference method. Although FD and records are commonly used as the standard reference tool for most validation studies, the prevalence of under or over-reporting is a common issue. Most consistent differences in under and over-reporting are found between men and women, and between groups differing in BMI where obese individuals normally under-report their dietary intakes [35] . Since the food diary captures information over a short period of time (i.e., seven days), the dietary intakes recorded would reflect to some extent the foods that are commonly available during that particular season [11] . In addition to the above, the current study also lacked biomarkers for the cross-validation of nutrient intakes which could be considered in future work.
In conclusion, the development and validity of the current FFQ is an important first step that allows us to implement this as a tool in epidemiological studies to assess food intakes, eating behaviors and correlations to disease phenotypes amongst the population of South Kerala, India. Potential for application of this FFQ across the state of Kerala should be assessed in the future. 
